In the context of the study, an instrumental analysis laboratory course offering Problem-Based Learning (PBL) was designed as an alternative to traditional laboratory practices. The study was conducted with a total of 36 volunteer, prospective chemistry teachers consisting of fourth year undergraduates and graduates. While PBL activities were conducted with 19 of the prospective teachers, instrumental analysis laboratory activities were conducted with 17 of them using the traditional approach. The first aim of this study was to determine the levels of perception of problem-solving ability and self-regulatory learning strategies of prospective teachers after and before all the applications. The second aim was to compare the effects of PBL instrumental analyze laboratory course and traditional instrumental analyze laboratory course on the perceptions of problem-solving ability and self-regulatory strategies of prospective teachers. A pre-test-post-test control group design was used. In this study, data were obtained using the "Problem Solving Inventory (PSI)" and "Self-Regulatory Strategy Scale (SRSS)". The pretest-posttest results of the SRRS test showed that the prospective teachers in the experimental group used self-regulatory learning strategies more often when compared to the ones in the control group. According to the results obtained within the scope of the study, it can be said that the effect of PBL on the perception levels of problem solving skills and self-regulatory learning skills of prospective teachers is more effective than the traditional laboratory teaching application.
Introduction

Introduce the Problem
Nowadays, problem solving is accepted as a preferred and effective strategy in a socially important learning atmosphere. According to Borkowski (1992) , particularly if a student is faced with a challenging task such as solving a problem that he encountered for the first time, his self-regulatory skills should induce motivation and give him energy. There shall also be progress in his processes like selecting the right strategy, implementation, and monitoring. While solving a problem, the students make efforts to make a plan, make an assessment, and decide which strategies to use. Thus, they all agree that during this process, they feel more successful, and more talented while carrying out certain tasks. The use of learning environments requiring more effort and participation, such as PBL activities, encourage students to ask more questions. In such environments, the fear of making mistakes is also reduced. Borkowski, Chan and Muthukrishna (2000) argue that the students should be given opportunities to make an attempt to carry out their tasks both independently and cooperatively. Although PBL processes are affected by the source of the problem, they require the use of goal-oriented and self-oriented strategies. Wheatley (1984, p. 1) , "something is a problem when one doesn't initially know how to do it, and problem-solving is what you do when you don't know what to do". Problem-solving skills, however, are shaped in accordance with the beliefs and expectations about one's problem-solving skills (Heppner, Witty, & Dixon, 2004) because coping with environment and problems occur through one's problem-solving capacity. The individual's self-evaluation of the ability to cope with problems effectively is extremely important in this respect. Thus, individuals with positive perceptions of their problem-solving ability might also be much better at problem-solving than those with negative perceptions of their problem solving ability (Güçlü, 2003) . Heppner and Krauskopf (1987) identified that perception of problem-solving ability plays a central role in the way an individual perceives and experiences different aspects of dealing with problem. According to Tan (2004) , PBL focuses on the challenge of making students' thinking visible. Like most pedagogical innovations, PBL was not developed on the basis of learning or psychological theories, although the PBL process embraces the use of metacognition and self-regulation. PBL embodies more student responsibility and activities when compared to conventional learning (Hmelo-Silver, 2004) . Tan (2003) lists some of the features of PBL approaches that are put into practice in a course as below: (a) self-directed learning is primary. Thus, students assume major responsibility for the acquisition of information and knowledge, (b) development of inquiry and problem-solving skills is as important as content knowledge acquisition for the solution of the problem, and (c) learning is collaborative, communicative, and cooperative. Students work in small groups with a high level of interaction for peer learning, peer teaching, and group presentations. In PBL, comprehension occurs as a result of the interactions with the problem scenario and the learning environment. After dealing with the problem and the process of problem inquiry, cognitive contradictions occur and this happens through the stimulation of learning and improvement of knowledge as a result of cooperative processes following social discussions and individual's self-evaluation of their own perspectives. PBL covers content learning, acquisition of process skills, problem solving skills, and lifelong learning. The term "lifelong learning" is quite important for PBL in regard to emphasizing the skills such as self-regulatory learning, autonomous knowledge collection, cooperative learning, and reflective thinking (Tan, 2004) .
Another potential benefit of PBL is undoubtedly the improvement of self-oriented and self-regulatory learning skills of students (Hmelo-Silver, 2004; Zimmerman & Lebeau, 2000) . That is why it can be noted that metacognitive strategies and self-regulation are indispensable for PBL processes (Tan, 2004) . Pintrich (2000) defines self-regulatory learning as a process through which students deal with different strategies in order to regulate their cognition, motivation, and behaviors. Self-regulation is a characteristic commonly required for students to be successful in PBL contexts (Hmelo-Silver, 2004; Zimmerman & Lebeau, 2000) . Self-regulatory learning occurs as a result of the controlling of learning process by the students, and their awareness about the process is among the objectives of PBL (Taşkın, 2008) . Providing students the opportunity to select and control "what to study, how to study, and what products to produce", PBL offers opportunities for self-regulatory learning (Hmelo-Silver, 2004; Paris & Paris, 2001) . PBL also encumbers the students to find knowledge, coordinate actions and people, achieve targets, and evaluate different mentalities. According to Hmelo-Silver (2004) , when the student is in a PBL environment, he tries to solve the problem through research and inquiry, and designs a plan including the steps required to find the most appropriate solution. In order to successfully complete these tasks, the students need to use their self-regulatory learning skills throughout the process. While examining a problem as a group, selecting the related knowledge, and compiling a list of knowledge to be used for finding other things later, the students make use of these self-regulatory learning skills. Although the knowledge is divided among different group members, the students use self-regulatory learning skills also in the research of different sources, transfer of this knowledge again to the group, and evaluation of the required additional knowledge and knowledge that should still be explored (Torp & Sage, 1998) . All these activities happening in a PBL environment bring out self-regulatory learning skills. Since the students are required to use their reflective and critical thinking abilities on "what I learned" in PBL, they become responsible for their own learning (Hmelo-Silver, 2004) . In PBL, the students participate in cooperative groups and determine their respective needs to solve the problems. Thus, PBL is a method that helps the students take an active part in solving real-world problems and be responsible from their own learning (Lee, Shen, & Tsai, 2010) .
The Importance of the Study
In order to be able to keep up with and understand the era of knowledge and technology we are in, the skills of problem solving through scientific methods, inquiry, and research are quite important (Erbaş, Şimşek, & Çınar, 2005) . Erbaş, Şimşek and Çınar emphasize that it is possible to raise individuals who can acquire knowledge through observation, ask meaningful questions, and look for answers to these questions in certain learning environments enabling permanent learning through the methods of learning by doing and experiencing. Adapting hes.ccsenet.org Higher Education Studies Vol. 6, No. 4; to a new learning environment can be something difficult. Learners bring with them a range of learning strategies that may or may not be useful for the new context (Thomas, 2013) . In order to ensure efficient participation, the students are required to develop and adapt strategies appropriate for these new environments. Laboratory practices are one of the factors making great contributions to this process. The importance of laboratory practices is examined very comprehensively in the related literature, however, it is observed that the main goal of laboratory practices is misinterpreted (Renner, 1986) . It has been frequently observed that in laboratory practices, the teachers do not provide guidance on activities through which the students may ask questions, develop their hypotheses, make observations, design experiments, and predict the results. Besides the traditional laboratory practices, there have been various studies that involved PBL or problem solving laboratory applications and analyzed performances, critical thinking skills, problem solving skills, self-competence beliefs, self-regulations skills, metacognitive skills, scientific process skills, logical thinking skills and many other variables as a result of these applications (Grigg, 2012; Güngör Seyhan, 2014; Güngör Seyhan, 2015; İnce Aka, Güven, & Aydoğdu, 2010; Taasoobshirazi & Glynn, 2009; Yin, 2010) . Gagne (1980) suggested that the main objective of education is to teach individuals how to think and how to be good problem-solvers because in real life individuals who are able to think, question, research and produce solutions to the problems they meet may (are likely to) be successful (Aydoğdu, 2012) . A great majority of the criticisms concerning Turkish Education System relates to the fact that students who are raised as the passive recipients of knowledge may have difficulties in making critical choices, solving the complex problems they will face, and achieving in their academic studies in the face of today's information explosion (Şahinel, 2007) , and thus it is suggested that the new implications in the Turkish Education System should concentrate on students' intellectual development. For this aim, student centred learning may be a new implication. Student-centred learning is a broad approach that "includes such techniques as substituting active learning experiences for lectures, holding students responsible for material that has not been explicitly discussed in class, assigning open-ended problems and problems requiring critical or creative thinking that cannot be solved by following text examples, involving students in simulations and role-plays, assigning a variety of unconventional writing exercises, and using self-paced and/or cooperative (team-based) learning" (Felder & Brent, 1996, p. 43) . Accordingly, Problem-Based Learning (PBL) may be implemented as one of the student-centred learning approaches.
Students who are successful in PBL display skills in self-regulated learning (Blumberg, 2000; Evensen, 2000; Sandars & Cleary, 2011; Zimmerman & Lebeau, 2000) . Loyens, Magda and Rikers (2008) concluded that self-regulated learning is a developmental process. This suggests that self-regulated learning can be taught (Dignath, Buettner, & Langfeldt, 2008) . Empirical studies investigating the value of PBL, characterize successful PBL students as life-long who display the ability to recognise gaps in their knowledge and aptly employ strategies to fill these gaps (Beachey, 2007; Carlisle & Ibbotson, 2005; Rideout et al., 2002) . The essence of PBL is that students are required to make their own decisions in planning for, engagement in and evaluation of knowledge and skill acquisition, hence employ skills in SRL. Such studies serve as a reference for the instructors who would like to carry out this kind of learning processes and strategies more salient in order to better support learners moving into the PBL environment (Thomas, 2013) . In line with the development of these new learning environments, the concept of PBL and its implementation have been reorganized in terms of context, and adapted and implemented in the learning environments across the world. Today, PBL has been being used in fields such as business, law, psychology, engineering, and education (Schmidt et al., 2007) . Kalkan (2002) summarizes the possible reason why PBL shall be important in higher education as follows: (a) emphasizing the utmost student involvement in teaching, PBL contributes to the quality of task-oriented learning. Besides, encouraging self-regulation, the method contributes to the effective use of motivational, cognitive, and metacognitive strategies, (b) in addition to the academic knowledge, skill improving and enhancing activities are carried through PBL and all benefits of cooperative learning are reflected on the attitudes, (c) PBL makes the best use of all three basic methods lecture, small group teaching self-regulation, the most considerable contribution of PBL is seen on the life long learning.
PBL practices that were conducted in the laboratory in the context of the study were based on a guided cooperative strategy (Hmelo-Silver et al., 2007; Schmidt et al., 2007) , which includes intensified facilitation efforts of the researcher, rather than the learning approach of "do it yourself", proposed by Kirschner, Sweller and Clark (2006) . As an instructional approach, PBL was first applied in the Medical School of Case Western University, United States of America (USA), in the 1950s. It entered into the literature in the late 1960s following a research study undertaken at McMaster University in Canada (Rhem, 1998) . "PBL is a student-centred learning approach that empowers students to conduct a research, integrate theory and practice, and apply knowledge and skills to develop a viable solution to a defined problem" (Savery, 2006, p. 12) . PBL is consistent with the constructivist theory by challenging the student to take a responsibility for learning (Coombs hes.ccsenet.org Higher Education Studies Vol. 6, No. 4; & Elden, 2004 . Since, in the process of PBL, individuals try to make sense of newly encountered situations based upon their prior knowledge, this approach is based on the constructivist theory. As planning the learning activities necessitates students' active participation in a specific problem state, it is one of constructivist theory's most important applications (Saban, 2010) . PBL is an approach of learning in which the process of constructing knowledge activates students' prior knowledge, and problem-solving strategies of ill-structured problems are developed and acquired through in-group discussions and through research (Koçakoğlu, 2010) . The selection of ill-structured problems is critical to the success of the PBL (Savery, 2006) . Ill-structured problems are routinely encountered in everyday and usually have divergent or alternative solutions (Shin, Jonassen, & McGee, 2003) . When a problem is well-structured, students are less motivated and less invested in the development of the solution" (Savery, 2006, p. 13 ). The problems used in PBL should be designed in such a manner as to improve students' knowledge, personality, academic behaviour and attitudes (Barrett, 2012) and must allow for free inquiry (Savery, 2006) . Problems should be presented to students through scenarios (Neville & Britt, 2007) . Using problem scenarios in education differentiates PBL from other teaching approaches (Tan, 2010) . Especially, PBL differs from a problem-solving approach "in that in the PBL problems are encountered before all the relevant knowledge has been acquired and, therefore, necessitates both the acquisition of knowledge and the application of problem-solving skills. In some cases, defining the problem itself forms part of the PBL. In a problem-solving approach, the knowledge acquisition has usually already taken place and the problems serve as a means to explore or enhance that knowledge" (Belt, Hywel Evans, McCreedy, Overton, & Summerfield, 2002, p. 65) . In contrast to the traditional approach in which knowledge is transferred to students by the teacher, problem states are established by the teacher to match the concepts in PBL, and the students are required to find solutions to those problem states (Tan, 2010) . Using complex and real-world problems to introduce a concept and motivating learning in an active and cooperative learning environment, PBL is a powerful alternative to the traditional teaching method in introductory courses in biology, physics and chemistry (Allen, Duch, & Groh, 1996) .
A review of literature in the light of the above mentioned issues makes it clear that the PBL is considered important in the development of self-regulated learning and of problem-solving abilities. Yet, the need for research into the effects of PBL on the development of self-regulated learning especially in education is one of the reasons for performing this study.
The Aim of This Study
The aim of this study was two-fold. In the context of the study, firstly, a PBL activity was intended to be designed in order to be implemented as an alternative to a conventional laboratory course that is currently present at university level. In a typical laboratory course, scientific information about an experiment is generally shared with the students in advance and the students are expected to present the targeted results by following the laboratory process in the format of a recipe book. On the other hand, in a laboratory course designed in accordance with PBL, the students are asked to achieve a targeted result, first by defining a real life problem they are given and then carrying out experiments by making use of various sources of knowledge in order to solve this problem. PBL is a curriculum design and a teaching/learning strategy that was developed in the west over the last fourty years (Yuzhi, 2003) . In order to achieve acceptable performance during the process of the PBL activity, the students are expected to have sufficient skills to solve a problem they encounter, and take responsibility for their own learning. It is also a learning environment, that embodies most of the principles that we know to improve learning, i.e., being active and cooperative learners receiving prompt feedback, teaching which is tailored to students' learning preferences and promoting student empowerment and accountability (Yuzhi, 2003) . For this reason, students' perception levels on problem-solving ability and self-regulatory strategies were determined as a result of participating in different teaching methods. The second aim was to compare the effects of PBL and traditional teaching application in the instrumental analyze laboratory on the perceptions of problem solving ability and self-regulatory learning strategies of prospective teachers. The present study focused on the following research questions:
(1) What are the perception levels of problem solving ability and the levels of self-regulatory learning strategies all of the prospective teachers before and after the implementations?
(2) Is there a significant difference between prospective teachers' perception levels of problem solving ability and the levels of self regulatory learning strategies according to the different teaching methods implemented?
Method
Research Design
The study used a pre-test-post-test control group design. It belongs to a true experimental design. The essential ingredient of the true experimental design is that subjects are randomly assigned to treatment groups. Random assignment is a powerful technique for controlling the subject characteristic's threat to internal validity, a major consideration in educational research (Fraenkel & Wallen, 2006) . Descriptive statistics, independent t-tests and one-way MANOVA were employed in the data analysis.
Participants
A total of 36 prospective chemistry teachers attending the Department of Chemistry (4 th class and graduates) of a university in Turkey who have taken instrumental analyze and instrumental analyze laboratory courses in university level participated in this study. Instrumental analysis course, in which the applications are carried out, is a course taken by the students enrolled in the related program in the spring semester of 3 rd grade. The students carrying out the applications participated in this study voluntarily. The number of students who are still attending to the last grade is 22 and the number of students graduating from this program is 14. While forming the groups, it was noted to make complete random sample selection and provide a homogeneous distribution of attending/graduated students. Mean age was 21.6 years (range 20-22 years). Of the prospective teachers participating in the study, 26 are females and 10 are males.
Instruments
Problem Solving Inventory (PSI)
PSI is utilized to assess an individual's perception about his/her own problem solving ability and was developed by Heppner and Petersen (1982) . According to Heppner, Witty and Dixon (2004) , the inventory does not assess actual problem solving abilities but rather one's perception of one's problem solving beliefs and style. The scale was translated to Turkish by Taylan (1990) and Savaşır and Şahin (1997) . PSI is a Likert-type scale with 35 statements, which are scored between 1 and 6. The inventory has three sub-scales: "Problem solving confidence" assesses self-perceived confidence in solving problems, "Approach avoidance style" assesses whether individuals tend to approach or avoid problems and "Personal control" assesses elements of self-control. The Cronbach's alpha internal consistency coefficient was calculated for the inventory as 0.90 by Savaşır and Şahin (1997) . The range of scores attainable on the inventory is between 32 and 192. The results from this study indicate that the PSI means, standard deviations and estimates of internal consistency from the current study samples are comparable to those revealed in previous research studies. Findings suggest that the PSI may be a useful instrument to examine problem solving appraisal with Turkish undergraduate students. Compared to previous studies, the PSI demonstrated acceptable internal consistency with the alpha coefficients ranging from .80 to .86 for PSI total.
Self-Regulatory Strategies Scale (SRSS)
Cronbach Alpha internal reliability coefficient of eight-factor scale developed by Kadıoğlu, Uzuntiryaki and Çapa Aydın (2011) in order to measure the self-regulatory learning strategies used by high school students while studying for chemistry lesson varied in the interval of .68-.82. As the original target group of the scale was high school students, this scale was applied for 92 undergraduate students who took/were taking general chemistry course prior to this study. As a result of Confirmatory Factor Analysis (CFA), all relations of sub-scales with each other and with scale point were found to be meaningful. That the sub-scales of the scale indicated a high level relation in positive direction with scale point supported the structure validity of the scale in positive direction. Also, the fact that correlation values among the factors varied between .61 and .72 indicated that the factor structure of the scale was consistent. Cronbach Alpha value, which was estimated in order to examine the reliability of the scale, was in total .89 (29 items). The SRSS has a reported internal consistency reliability coefficient of .84 and a value of .70 for this study.
Data Analysis
Descriptive statistics, independent t-tests and one-way MANOVA were employed in the data analysis. t-test for independent groups is a statistical analysis method used for testing whether the averages belonging to two groups are different or not (Kalaycı, 2005) . In this study, t-test for independent groups is was used to test whether there was an meaningful difference between PSI and SRSS pre-test results of the prospective teachers in experimental and control groups before starting applications.
hes.ccsenet.org Higher Education Studies Vol. 6, No. 4; Manova technique was used in our study as the relationship was searched between a series of dependent variables and more than one independent variable. Manova is an extension of Anova including more than one dependant variable (Hair et al., 2009; Tabachnick & Fidel, 2001; Kalaycı, 2005) . Multivariate analysis of variance like Manova is more powerful than variance analysis with single variable (ANOVA) and this technique protects the researcher against making 1 st type mistake (Şencan, 2005) . Multivariate analysis of variance is a powerful statistics frequently used in experimental and relational scanning researches. Multivariate analysis of variance should be used in applications including experimental studies in order to compare the subjects in different experimental conditions in terms of more than one dependant variable at the same time (Büyüköztürk, 2009).
Teaching Process
Approximately two weeks before the start of applications, PSI and SRSS were administered as pre-test treatments to determine whether all the prospective teachers were equivalent with respect to their perceptions of problem solving ability and self-regulatory strategies.
Before starting the implementations, the researcher informed the prospective teachers to participate in the PBL implementations about the context of PBL and the planned phases of a laboratory course. Following this, 19 randomly selected prospective teachers were asked to form groups of three-four people and the PBL implementations were conducted with a total of five groups. In this study, PBL in the instrumental analyze laboratory progressed in six steps (Yoon, Woo, Treagust, & Chandrasegaran, 2014) (Yoon et al., 2014) In the first phase of the PBL activity, which is "Understand the problem", the prospective teachers were presented with a real life problem. In PBL activities, the real life problems presented to prospective teachers as real time scenarios which they may experience in their daily life at any moment. Learning in PBL is initiated with a problem that stimulates students to consider what they already know and what they will find out in an investigation (Yoon et al., 2014) . Each group member that came together was expected to understand and define the "real life problem" she/he was given. PBL is an approach designed to encourage students to actively participate in the problem-solving of ill-structured real world problems (Yoon et al., 2014) . PBL aims to help students develop higher order thinking skills and a substantial disciplinary knowledge base by placing students in the active role of practitioners (or problem solvers) confronted with a situation (illstructured problem) that reflects the real world (Yuzhi, 2003) . In the second phase of the PBL activity, which is "Explore the problem", the students were expected to reach the sources of problems and explore their problems. In an activity to be conducted for PBL, it was observed that there should be a need for only a part of the opinions and knowledge of prospective teachers when realizing the source of a problem. In order to identify in which phase of problem hes.ccsenet.org Higher Education Studies Vol. 6, No. 4; exploration the prospective teachers felt greater need, they were asked to propose more than one question in the respective fields by designating the learning topics in at least three categories about "What do we know?", "What do we need to know?" and "How do we find out?" (IMSA, 1996; Yoon et al., 2014) . In this phase, in which the prospective teachers explored the problem, they felt a need to refer to various sources of knowledge, far beyond textbooks. It was observed that especially the faculty courses like iInstrumental food analyses taught at departments, such as Food Engineering atour university, are more in need of the notes from laboratory courses. Thus, at this point, the researcher provided considerable guidance to the prospective teachers about how to access which source of information. The third phase of the activity about PBL instrumental analysis course is "Generate possible solutions". In this phase, the prospective teachers, who identified, explored, and defined the learning topics about the real life problem they were given, were asked to propose possible solutions to this problem. A laboratory course conducted through the PBL strategy does not only encourage the prospective teachers about how and where to use any experimental method, but also offers them the opportunity to explore the theoretical knowledge they need in order to select the experimental method and/or instrument and analytical methods that are appropriate for solving the real life problem. Thus, the prospective teachers explore the required knowledge and generate possible solutions as part of their groups (Yoon et al., 2014) . The phase of "Determine the best fit solution" is the phase in which prospective teachers review the validity and applicability of the methods they propose and select the best way to solve the problem. In this phase, the instrumental method selected by the prospective teachers as the most appropriate solution might not have been a method they had previously learned and/or practiced in the context of the course, namely "instrumental analysis" or "instrumental analysis laboratory". At this point, prospective teachers selected the most appropriate solution offer after having accessed various sources of knowledge in the previous phase. In the end, the prospective teachers made a comparison of the advantages and disadvantages of the method they proposed for the solution of the problem in the previous phase and become prepared to make their experiments in this phase. In the "Solve the problem by performing an experiment" phase of the PBL activity, the instrumental method determined to be the most appropriate one in the phase of problem solving was applied by the group members in the laboratory environment, the results were analyzed, and the analyses were reported. In the "Evaluate" phase, which is the last phase of the PBL activity, if and when the prospective teachers detected any deficiencies and/or insufficiencies in the experiments they made, they repeated the experiment phase. If and when any problems occurred regardingthe most appropriate instrumental method selected by the prospective teachers from the solution offers in problem solving phase and/or about the selected instrumentation, they returned to the phase of selecting other solution offers. If and when the prospective teachers encountered a case like looking for a better solution, they went back to the previous phases in order to solve the problem through the most appropriate means (Yoon et al., 2014) . In the whole process until the "evaluation" phase of the PBL activity, the group members participated together in the form of a group and attempted to fulfill their responsibilities about their own learning. After the final phase of the PBL activity, the group members were asked to individually report and verbally present all the results they achieved. Thus, each group member, who worked as a team in solving the problem they were given during the PBL activities, had the opportunity to verbally present the results they achieved, both to the teacher of the related course and in a discussion environment to be attended by other prospective teachers. In addition to the sufficiency of the written reports and the individual verbal presentations of prospective teachers, the researcher took into consideration their presence in the discussion environment where they exchanged their ideas with the other class members as well.
The content of a junior-year instrumental analysis class and the instrumental analysis laboratory in which the application of the theoretical information learned in this class is done are as follows: some instrumental methods of analysis applications of UV-Visible absorption: a single-component and two component chromophore systems analysis, UV-Visible Spectroscopy: quantitative analysis of two-component mixture of (Co(II)-Cr(III) mixture analysis), flame atomic absorption and emission, Mass Spectroscopy (MS), IR spectroscopy, polarography, Planar chromatography (TLC), conductivity and potentiometric titrations. Within the context of the study, researchers and/or executives who realized the applications in a traditionally-run instrumental analysis laboratory were more active and the prospective teachers were passive listeners, the latter asking for explanations of the parts that they did not understand. Control group students delivered the reports they prepared regarding the experiment after each one to the researcher. The researcher evaluated the performance of prospective teachers and related reports. Control group prospective teachers realized 8 different experiments during the applications and all applications lasted for 12 weeks as PBL applications. In particular, the traditional teaching method consisted of a subject-based approach. The researcher employed such techniques as direct explanations and question-and-answer in the presentation of the topic.
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The Sample Process Experienced by Prospective Teachers Participating in the PBL
This section presents a summary of what the prospective teachers who participated in the PBL activity did in each phase of the activity in the instrumental analysis laboratory and what kind of a process they followed. All group members who took part in the activity followed a similar process. Prospective teachers participating in PBL activities were presented with two real life problems in total within the scope of the application and each problem solving process was completed in 6 steps. In the "Understand the problem" phase of the PBL activity, the first of the real-life scenarios presented to all group members are as follow:
"In the central district of a province in Turkey's Central Anatolia Region, where the main source of income is agriculture and most of the vegetables and fruits consumed at home are the families' own products, symptom of bluish color started to be observed in the skin, mucous membrane (lining the inside of mouth), and nail beds of newborns in particular, in the last six months. In addition to the bluish color, the symptoms of tiredness, shortness of breath, and in advanced disease, fainting spells are also observed in the babies. The parents of children who showed all these symptoms applied to the nearest health clinic during the period when these symptoms occurred. It was concluded that these symptoms, observed especially in newborns, resulted from "Blue Baby Syndrome" and the related health personnel notified the Provincial Directorate of Public Health about these symptoms accordingly. You, as a "laboratory associate" working at the Public Health Laboratory operating under the Provincial Directorate of Public Health, are asked to carry out the related analyses and examinations to determine the possible causes of these symptoms. In your report, the objective of which shall be proposing the causes of the mentioned symptoms, please provide detailed information on which analytical/instrumental method and/or instrumentation you used and for what purpose, and how you analyzed the results after reaching the related data. Then please submit your report to the director of the laboratory responsible for this issue".
In the second phase of PBL activity (Explore the problem), the group members first aimed to reach the source of the problem; in order to do that, together with the other group members in their respective groups, they determined the data about the answers of the three questions serving as a means of learning given in Table 1 . The phase in which the prospective teachers needed more sources of knowledge was clarified as a result of the following three means of learning they presented: "What do we Know?", "What do we Need to know?", and "How Do we find out?". Table 1 gives examples from the means of learning proposed by each of the group members. In the third phase of PBL activity (Generate possible solution), the prospective teachers, who identified, explored, and defined the learning topics about the real life problem they were given, were asked to propose possible solutions to this problem. When proposing the solutions they considered to be the most appropriate, the prospective teachers made use of the results they determined in Table 1 . The common conclusion reached by all the group members as a result of the studies they carried out through various sources is as follows:
When nitrate concentrations in drinking water exceed 4.5 mg/l value is emerging health problems. In high NO 3 -concentrations, infections in intestines, digestion, and urinary systems are observed in adults. High nitrate concentrations cause methemoglobinaemia in babies. This disease is also known as blue baby syndrome, which is caused by the fact that the digestion systems of babies lack the enzymes to eliminate nitrate. Nitrate causes stomach acids to occur in babies younger than six months (Erdem, 2006) .
Consider following question: what can be the possible causes of high concentration in human body? When analyzing the answers given to this question, the group members had different approaches. In the fourth phase of PBL activity (Determine the best fit solution), all the group members attempted to select the most appropriate answers they could give to the abovementioned question. For example, the members of the third and fifth groups linked the presence of excessive nitrates in the body, which is the cause of symptoms, especially in babies, to the nitrate contamination in the drinking water of the people in the region. Thus, in the phases to follow, they focused more on the studies and analyses about the causes of "nitrate contamination in drinking water". For example, the members of the third and fifth groups proposed the following methods and techniques for the chemical determination of nitrate ion in water. The presence of nitrite ions is a sign of active biological incident in the medium. Even if its concentration is very low, it indicates that contamination has started and biological incidents continue. Nitrite anion (NO 2 -) is determined based on the color of the reddish purple azo-dye that is caused by the sulfuric acid diazoniated with a-naphthylamine (aromatic amines) in the interval of pH 2-2.5. The tone of the color changes in line with the nitrite concentration and 0.001 mg/lt nitrite nitrogen shall be determined through this method.
According to the members of the third and fifth groups:
Water quality can be determined by measuring various organic and inorganic nitrogen based compounds found in drinking water, tap water, surface water, and contaminated water bodies. Strong evidence of nitrate in surface waters means that the related water was previously contaminated with domestic and industrial waste waters containing ammonium and organic nitrogen or that nitrate was directly discharged to the related water very recently. Direct nitrate discharges result either from waste water coming from hes.ccsenet.org Higher Education Studies Vol. 6, No. 4; industrial facilities where nitrate compounds are used or produced or from nitrate containing fertilizers used in agricultural lands carried by rain waters. The biggest cause of the presence of nitrate in underground waters is that nitrate fertilizers are carried by rain waters and irrigation waters to these waters. The nitrate compound, which is an extremely unstable form of nitrogen, shows that nitrification or denitrification reactions are happening in the medium (cevre.erciyes.edu.tr/dosyalar/.../2.../Nitrit%20ve%20Nitrat%20Tayini.pdf).
In the fifth phase of PBL activity (Solve the problem by performing experiment), the prospective teachers implemented the solution that they considered to be the most appropriate. Each group member developed a work plan for thesmooth implementation of the phases to be put into practice on the way to the solution they proposed. In this phase, it was observed that the prospective teachers needed more sources about how they would carry out which analyses at the laboratory environment, in addition to the lecture notes of the theoretical/practical courses they had previously taken. At this point, it was observed that the group members were mostly in need of the lecture notes of the "instrumental food analyses" course-both theory and practice-conducted as a laboratory course, especially in the Departments of Food Engineering at universities. This course aims to educate university students the working principle and areas of use of frequently used devices in food analyses. In this context, the learning outputs of (1) learning the objective and scope of Instrumental Food Analyses, (2) learning chromatographic techniques, and (3) learning spectroscopic techniques come into prominence in the content of this course. In the end, all group members had access to all samples and technical instruments, and were ready in the laboratory under control of the researcher. For example, the members of the third group, who in the previous phase linked the presence of excessive nitrates in the body, which is the cause of symptoms especially in babies, to the nitrate contamination in the drinking water of the people in the region, decided to carry out "nitrate analysis in drinking waters" as a solution. Thus in this phase they accessed all theoretical and practical information about "nitrate analyses in drinking waters" and utilized the "Cold brucine method" for the analysis of nitrates and nitrite in drinking water in the laboratory under control of the researcher. The members of the second group linked the source of problem to "nitrate contamination in green leafy vegetables" and carried out related analyses to "determine nitrate in green leafy vegetables". The members of the fourth group, on the other hand, linked the source of problem to "nitrate contamination in meat and meat products" and carried out related analyses to "determine nitrate in meat and meat products". In the last phase of the PBL activity, all group members reported the results they obtained through the analyses they conducted. In the evaluation phase, all group members had the opportunity to evaluate the results of the analytical/instrumental methods they conducted for their respective analyses. If the causes of excessive nitrate concentration and thus the causes of symptoms overlapped with the findings they obtained after conducting the most instrumental method they proposed as a solution, their comments supporting these findings were required to be included in their reports and verbal presentations to be made afterwards as a group. If the assumptions of group members in regard to the solution of the problem did not overlap with the findings obtained after conducting the most instrumental method, they returned to the phase of "determiningthe best fit solution". For example, members of the third group argued that the cause of all these symptoms observed in the people in the region, mostly in the newborns, was the excessive nitrate concentration in babies and they claimed that the reason for this excessiveness was the nitrate contamination in drinking water.
As a result of various studies they conducted about nitrate and nitrite contamination in drinking water, the members of the third group reached the assumption that since the main source of income of the people in the region is agriculture, the reason was most probably the fact that they carried out improper fertilization in agricultural production. They used the "Cold brucine method" in order to test their assumption claiming that the people of the region were exposed to excessive nitrate concentration, since they carried out improper chemical fertilization and nitrate was accordingly mixed to underground waters and then to drinking waters through rain and/or other causes. In the study that was carried out to determine nitrate and nitrite amounts in drinking water samples, qualitative analyses of nitrite in water samples were carried out. In the case of qualitative determination of nitrite, a sample of 50 ml drinking water and a sample of 50 ml pure water without nitrites were separately taken for control. One ml sulfanilic acid was added on top of both and they are mixed thoroughly. Then, 1 ml α-naphthylamine hydrochloride reactive was added. After waiting for approximately 10-15 minutes, the colors of the sample and control sample were compared to each other. If the sample turns pink, there is nitrite [in the mixture]. If nitrite is qualitatively determined in drinking water, the amount of nitrite should be quantitatively determined as well, in order to clean the water or prevent the source of nitrites. The quantitative determination of nitrites is based on the reading of nitrite amount contained in the sample on spectrophotometer and the comparison of readings with the readings of standard solutions. Members of the third group used the cold Brucine method, which is a commonly used method, for the chemical determination of nitrate ions in drinking Vol. 6, No. 4; water. The method is based on readings of the yellow color [ed solution] resulting from the reaction between Brucine and nitrates on a spectrophotometer and a comparison of the readings with the readings of standard solutions. When nitrate and nitrite contents of the samples were examined, the nitrate and nitrite amounts in the drinking water sample were higher than the acceptable daily intake amount recommended by the World Health Organization (WHO) for children. The results were at a sufficient level to explain the excessive nitrate and nitrite concentration, especially in newborns. Members of the third group prepared their related reports accordingly and made verbal presentations during which they opened their assumptions and findings to discussion.
Findings of the Research
Findings Related to between PSI and SRSS Pre-Test Scores
Independent t-tests were used to analyze the data obtained from pre-test treatments. The results are given in Table 2 . When Table 2 is examined, it can be seen that there is no significant difference between the perception levels of problem solving ability and between the self-regulatory learning strategies pre-test scores of prospective teachers in both the experimental group and the control group (p>α).
According to the scores in Table 2 it was observed that the experimental group and control group are equivalent with respect to the perception levels of problem solving skills and the self-regulatory learning strategies at the beginning of the applications.
Findings to MANOVA Analysis
One-way MANOVA analysis was performed in order to examine the effect of two different methods on the perception levels of problem solving ability and self-regulatory learning strategies of prospective teachers. Before moving on to MANOVA analysis, it is necessary to test the assumptions. First of all, it is expected that p values for each group, which is one of the Kolomogrove-Smirnov values obtained for the normalcy of scores related to dependent variables (post scores of SRSS and PSI), should be bigger than .05 (Kalaycı, 2008) . According to obtained data, because the values of both method types in the PSI and SRSS dependent variables are p<.05, it can be said that there is a normal distribution. Another assumption of MANOVA is the homogenous distribution of variances. For the homogeneity of variances, p value in Levene's Test of Equality of Error Variances is checked. The value is expected to be bigger than .05 (Kalaycı, 2008) . According to the data concerning the homogeneity of variances, p values for both SRSS and PSI variables are p=.068 and p=.478, respectively, therefore it can be claimed that variances are evenly distributed according to independent variable groups for both dependent variables. Likewise, in order to test the MANOVA assumption that the correlation among variables is equal across groups, BOX's M test results were taken into consideration. According to the results, because p=.162 > p=.05, the assumption that the correlation among varibles across groups is valid. After ensuring that MANOVA assumptions are valid, analysis was done.
In order to understand the effect of independent variables on dependent ones in the one-way MANOVA test results, one should check Wilks' Lambda value. The most frequently used value is the Wilks' Lambda value (Kalaycı, 2008) . If p<.05, then it means that there is a meaningful difference. In this case, according to Table 3 formed at the end of the analyses conducted within the context of this study, it can be said that both method types create a meaningful difference in prospective teachers' comprehension levels, problem solving skills and their self-regulatory learning strategy levels (p=.00<p=.05). When examining Table 4 in order to determine in which dependent variables both methods showed significant differences, it can be interpreted that since p=.01<p=.05 for the sub-dimension of self-regulatory learning strategies of prospective teachers and since p=.00<p=.05 for the sub-dimension of perception levels about problem solving skills, both methods showed significant differences in both dimensions. Eta squared values given in Table 4 show the ratios of change for the dependent variables in regard to the different types of methods used. According to the results obtained, the type of method causes a change of 18% in the prospective teachers' self-regulatory learning strategies and a change of 32% in their perception levels of problem solving skills. Table 5 shall be examined in order to identify among which groups (experimental group and control group) there are significant differences in favor of PSI and SRSS final test following both implementations.
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Higher Education Studies Vol. 6, No. 4; According to the data given in Table 5 , a significant difference was observed between the levels of self-regulatory learning strategies of prospective teachers and the levels of self-regulatory learning strategies of the control group because when examining the SRSS averages and the confidence intervals for both groups included in the table, the SRSS confidence interval of the prospective teachers in the experimental group range between 4.258 and 4.761, while the confidence interval of the control group ranged between 3.753 and 4.284. These two intervals do not totally overlap with each other. Thus, one can claim there is a significant difference between the two groups in favor of the average results of the experimental group. Again, according to the PSI final test results given in Table 5 , the PSI averages of the prospective teachers in the experimental group was lower than those of the prospective teachers in the control group. The low scores obtained from PSI indicate effective problem solving abilities, while the high scores indicate failure to find effective solutions to problems (Taylan, 1990) . According to the confidence intervals of both groups for the PSI values given in Table 5 , the improvement in the problem solving skills of the prospective teachers is in favor of the prospective teachers in the experimental group.
Discussion
In the context of the study, a problem-based learning activity was intended to be designed in order to be implemented as an alternative to a conventional laboratory course that is currently present at the university level.
According to the first and third research questions of our study, perception levels of problem solving abilities of all prospective teachers were identified before and after the applications. According to the scores in Table 2 it was observed that the experimental group and control group are equivalent with respect to their perception levels of problem solving ability at the beginning of the study. The results displayed in Table 2 indicated that perception levels of problem solving ability of prospective teachers decreased at the post-test following the all applications. According to the results, it can be said that the prospective teachers' perception levels of problem solving ability in both the experimental group and the control group were at low levels. That the mean post-test scores were lower than that of the pre-test scores indicated that the applications led to a statistically significant increase in the perception levels of prospective teachers about problem solving ability (Taylan, 1990) . According to Taylan (1990, p. 41) , high scores show that the respondent perceives oneself as insufficient in terms of problem solving skills, while low scores show the respondents' problem solving skills as being at a satisfactory level. Prospective teachers in both groups were able to improve their perception levels of problem solving abilities with the help of the applications. Accordingly, the result may be interpreted as PBL and traditional laboratory course methods having different effects on prospective teachers' perception levels of problem solving ability. It is reasonable to argue that the difference observed in the prospective teachers' perception levels of problem solving ability arises from the use of the PBL instrumental laboratory course approach. It was also found that the PBL laboratory approach, in which a greater decrease was observed in the scores of perception levels of problem solving ability, was more influential than the traditional laboratory course method in raising prospective teachers' perception levels of problem solving ability. When prospective teachers experienced problem solving in the instrumental analyze laboratory approach, they were provided with a learning environment where they sought solutions to the given problem situations through doing and experiencing, and they actively participated in the research process. They had the opportunity to perform experiments in the laboratory course independently. They were creative and productive during the problem solving process; they took the responsibility of their own learning and expressed diverse opinions when proposing solution ways. PBL, which represents one of the most important implementations of the constructive learning approach, can be defined as a teaching/learning approach characterized with using problems as a means of improving the students' problem solving skills and helping them gain the related basic information (Torp & Sag, 1998) . Literature was observed to involve studies on the positive aspects of problem solving activities performed in the science or chemistry laboratory (Gallet, 1998; Neeland, 1999; Wilson, 1987) . Similarly, in the literature, research conducted by Güngör Seyhan and Eyceyurt Türk (2013 ), Güngör Seyhan (2014 ), Güngör Seyhan (2015 , Lin and Chiu (2004) , Lee (2007) , Saracaloğlu, Yenice and Karasakaloğlu (2009), Temel (2009; and Morgil (2012, 2013) with prospective teachers showed that prospective teachers were at a satisfactory level in terms of perceptions of problem solving abilities.
The second and four research questions of the study was investigating the changes in the self-regulatory learning strategies of prospective teachers during the PBL and traditional instrumental analyze laboratory applications. According to the scores in Table 2 it was observed that the experimental group and control group are equivalent with respect to their self-regulatory learning strategies at the beginning of the study. The study examined how the self-regulatory learning strategies of prospective teachers varied after both PBL activities and conventional instrumental analysis laboratory practices. According to the data given in Table 2 , while an increase was observed in the SRSS results of prospective teachers who participated in PBL activities, no significant changes in the SRSS results of prospective teachers who participated in conventional laboratory practices were observed. When the reactions of prospective teachers, who participated in PBL activities, against SRSS substances are examined in detail, the clearest observation is that there was a significant decrease especially in the fourth and eighth items of the "participation" dimension of the SRSS scale in favor of the final test. The fourth item is "I only keep the sources to help me study (books, notebooks, etc.) on my desk" and the eighth item is "I study in a silent environment in order to concentrate". Throughout the PBL instrumental analysis laboratory activities, all group members actively participated in all phases of the activity in order to solve the real life problem they were given. Thus, especially in the first phase of PBL activity, which is "understand the problem", they felt the need forvarious information sources rather than only books and/or lecture notes. The dimensions in which the prospective teachers who attended PBL activities improved themselves the most were especially "Participation", "Motivation", "Self-Structuring", "Summarizing" and "Planning". The common items on which most of the prospective teachers agreed were as follows, with respect to various dimensions: the dimension of "participation": "I try to get rid of the things that distract my attention while studying"; the dimension of "motivation": "I remind myself that I will need the information about the related subject in my future life"; the dimension of "summarizing": "I make a list of the terms that I don't understand"; the dimension of "self-structuring": "I tell myself the methodology I followed while solving the questions", and the dimension of "planning": "I determine the method I will use before I start studying". It is thought that especially the "KND" chart they developed in the first phase played an important role in establishing the phases of PBL activity to enable the prospective teachers to show a high level of participation in SRSS items after the implementations.
Self-regulation concept is the process for which individuals sequence problem-solving and come to a solution by reviewing information, evaluating information, and modifying solutions (Mithaug, 1993) . According to Mithaug (1993) , self-regulation occurs when there is a divergence between what an individual has and what the individual wants or needs. Self-regulation consists of three phases: a) obtaining information about a problem, b) choosing options for solving a problem, c) and responding to a problem. When an individual works to solve a problem and achieve a solution, they engage in the following series of behaviors: a) determining the state from the desired, b) identifying a solution, c) implementing a solution, d) evaluating if the solution reduced or eliminated any discrepancy between states, and e) repeating steps two to four if a solution did not reduce or eliminate an existing discrepancy.
The analysis on whether the decrease in the perception levels of prospective teachers of both groups was significant within and between the groups was performed through one-way MANOVA. It was demonstrated that both application types affected the perception levels of problem solving ability and self-regulatory learning strategies of prospective teachers after the applications (p<α). Also, when eta square values (Table 4) were examined, it was seen that 32% of the change in the perception level of problem solving ability, 18% of the change in the levels of self-regulatory learning strategies in prospective teachers resulted from the applied application type. According to Table 5 , it was observed that PBL, which is applied as an alternative to a traditional laboratory application in the instrumental analyze laboratory, may contribute to the development of the perception levels of problem solving ability and self-regulatory learning strategies. According to the results, prospective teachers who participated in PBL were able to improve perception levels of problem solving ability and self-regulatory learning strategies better than those who followed a traditional application in the laboratory. These results support the findings of S. G. Paris and A. H. Paris (2001) who claim positive effects of PBL on self-regulated learning. As mentioned, "self-regulated learning is also more likely when teachers create classroom environments in which students have opportunities to seek challenges, to reflect on their progress, and to take responsibility and pride in their accomplishment" (p. 99). Sungur and Tekkaya (2006) found positive effects of PBL on "goal orientation", "use of elaboration learning strategies", and "metacognitive self-regulation", which are similar to our findings that PBL students were different in using "organising and transforming" and "goal-setting and planning" strategies. The research by Yoon et al. (2014) showed that students in the treatment group used self-regulated learning strategies more frequently than students in the comparison group. According to the results of the self-evaluation, students became more positive and confident in problem-solving and group work as the semester progressed. Overall, PBL was shown to be an effective pedagogical instructional strategy for enhancing chemistry students' creative thinking ability, self-regulated learning skills and self-evaluation. According to Perry, Vandekamp, Mercer and Nordby (2002) , students engage in self-regulated learning in classrooms where they (a) receive opportunities to participate in complex, open-ended activities, (b) make choices that influence their learning, and (c) evaluate themselves and others. Perry and colleagues proposed that one of the characteristics of PBL classes contributing to self-regulated learning is cooperation among students working in small groups. King (2002) claimed that some peer-learning tasks, such as (a) working together to solve ill-structured problems, (b) working on problems with several possible solutions, (c) analyzing and integrating ideas that reach beyond presented material to build new knowledge, (d) making decisions within groups, and (e) assessing learning demand a highly complex level of cognitive processing.
The results of the study by Loyens, Magda and Rikers (2008) suggested that conceptual clarity of what self-directed learning entails and guidance for both teachers and students can help PBL to bring forth self-directed learners. In another research by Demirel and Arslan Turan (2010) asserted that PBL provides students with a positive environment to collaborate and gives them opportunity to study topics in which they have interest. However, due to the small sample size, generalizability of the study was low and researchers pointed out the need for investigating the effectiveness of PBL with larger samples. The study by Temel (2013) was found that the PBL and the traditional teaching method did not have significant effects on prospective teachers' self-regulated learning skills. It was also found that the prospective teachers' attitudes towards and their self-efficacy perceptions of PBL were at the middle level, and that the two variables accounted for 49% of the total variance in self-regulated learning skills. This study's findings by Thomas (2013) suggest that learners can demonstrate increases to cognitive and metacognitive functioning, as well as self-efficacy through engagement with a program to support self-regulated learning in PBL. To summarize, PBL improves the effective problem solving skills of students, the transfer of knowledge to new problem situations, self-directed, and self-regulatory learning skills, efficient cooperation skills, and self-motivation (Hmelo-Silver, 2004 ).
This study obtained findings demonstrating that PBL can be utilized in teaching science. However, the findings are limited to the numbers of students in the experimental and control groups. This study should be conducted on larger groups and the efficiency of PBL approach should be questioned. In conclusion, it is thought that when the teaching program of the chemistry course is put into practice through PBL activities, it will have positive impacts on the quality of cognitive and affective learning products and it is recommended that similar studies are conducted at different educational levels and in different courses.
